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Recent studies have revealed unexpected subunit diversity and specificity in the general transcription ma-
chinery for orchestrating multicellular differentiation. In this issue of Developmental Cell, Oyama et al.
(2013) report a requirement for Taspase 1-dependent TFIIA proteolytic processing in the mouse testis to
enable TRF2 targeting to genes regulating spermatogenic differentiation.To coordinate transcription, eukaryotic
cells have evolved an extensive array of
protein machinery that precisely controls
the magnitude and timing of gene activa-
tion. Central to this molecular machinery
are the general transcription factors
(GTFs) TFIIA, TFIIB, and TFIID that make
up the preinitiation complex (PIC). While
initially thought to be generic in nature
and passive in function, it has now been
shown that multicellular organisms have
evolved intricate variations of GTFs that
extend their passive roles to more direct
control of cell proliferation and differentia-
tion states (reviewed in Goodrich and
Tjian, 2010). Layered upon this diversity
is the requirement and function of proteo-
lytic processing of specific transcription
components, including TFIIA. Reporting
in this issue of Developmental Cell,
Oyama et al. (2013) present major
advances in both arenas by demon-
strating that TFIIA processing by the
Taspase 1 protease is essential for the
correct targeting of TBP-related factor 2
(TRF2) to testis-specific genes required
for the completion of spermatogenesis.
A textbook view of GTFs might suggest
that they come in a single flavor and are
expressed ubiquitously. However, the
genomes of multicellular organisms have
evolved duplicate genes encoding addi-
tional and often germ-cell-specific paral-
ogs of related GTFs (reviewed in Freiman,
2009). A prime example is TFIIA, which is
composed of trimeric a, b, and g protein
subunits. One gene, TFIIAa-b, expresses
a single precursor polypeptide that is
cleaved by the Taspase 1 protease to
form both a and b subunits (Zhou et al.,
2006). Vertebrate genomes encode the
canonical TFIIAa-b gene and a related
germ-cell-specific gene called TFIIAa-b-
like factor that encodes TFIIA-like factor
(ALF). A second and more extensiveexample of duplication of the GTFs is
TFIID. TFIID is a much larger GTF com-
plex, composed of the TATA-box binding
protein (TBP) and 14 TBP-associated fac-
tors (TAFs). Metazoans contain three TBP
paralogs, TBP-related factors 1, 2, and 3
(TRF1, TRF2, and TRF3). Like ALF, TRF2
is expressed exclusively in the germline.
Mouse genetic studies identified the crit-
ical function of TRF2 in spermiogenesis,
a postmeiotic sperm maturation process
that takes place in the seminiferous tu-
bules of the testis (Zhang et al., 2001). In
this manner, alternative GTF assemblies
in eukaryotes are posited to function like
sigma factors in prokaryotes that direct
RNA polymerase to specific promoters.
Although individual functions of spe-
cializedGTFs and substrates of Taspase 1
were known, whether and how they
worked together to regulate spermatogen-
esis was a complete mystery until now.
Taspase 1 deficiency in mice was previ-
ously observed to lead to homeotic trans-
formations and postnatal lethality due to
feedingdefects (Takedaetal., 2006).How-
ever, in this study, the few Taspase 1-defi-
cient male mice that survived this early
demisewere found to be defective in sper-
matogenesis and infertile. Oyama et al.
(2013) carefully uncovered that these infer-
tile Taspase 1-deficient testes had sig-
nificantly reduced elongated spermatids
and displayed deficits in spermiogenesis
gene expression and chromatin compac-
tion, reminiscent of TRF2-deficient mice.
While the link between Taspase 1 and
TRF2 was unknown, TRF2 was previously
shown to bind to TFIIA, a known substrate
of Taspase 1. Accordingly, Oyama et al.
(2013) tested and confirmed the hypothe-
sis that TFIIA processing was perturbed
in the Taspase 1-deficient testis, suggest-
ing that cleavage of TFIIA was required for
TRF2-dependent transcription in roundDevelopmental Cell 27spermatids, where they are both first
coexpressed in the testis. Most impor-
tantly, in the absence of Taspase 1,
neither TFIIA nor TRF2 was able to effi-
ciently find common spermiogenesis tar-
get genes. Together, these data argue for
a strong overlap between TRF2 and TFIIA
functions in cell-type-specific transcrip-
tional control in the testis and implicate
cleavage by Taspase 1 as an important
regulator of this genetic circuitry.
While it was the Taspase 1 knockout
mouse that first revealed the cleaved
TFIIA/TRF2 transcription circuit in sper-
matogenesis, it was the clever implemen-
tation of a transgenic knockin mouse that
really drives this study home. Oyama
et al. (2013) cleverly replaced the normal
copy of the TFIIAa-b gene with a mutant
copy of the gene TFIIAnc that encodes a
noncleavable form of TFIIAa-b. Although
the noncleavable TFIIAa-b is expressed
throughout the mouse, the only major
phenotype was detected in the testis,
where a significant reduction in the
numbers of elongated spermatids was
observed.Moreover,whenTFIIAa-bcould
not be processed by Taspase 1, both
TFIIAa-b and TRF2 could not efficiently
target the promoters of spermiogenic
genes. Thus, disruption of the protease
and the target sequence in its substrate
results in a similar disruption of late sper-
matogenic differentiation. These exciting
and unexpected results highlight the
powerful combination of state-of-the-art
biochemical andgenetic tools in themouse
that are now able to uncover exquisite cell-
type-specific mechanisms of mammalian
transcription and development.
As is usual, a number of important
questions arise from this elegant work.
First, why must TFIIAa-b be cleaved to
help target TRF2 to its spermiogenic
target genes in round spermatids? One, October 28, 2013 ª2013 Elsevier Inc. 123
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ture of the PIC found at spermiogenic
gene promoters requires the cleavage of
TFIIAa-b. Support for such a model may
come from a recently published study by
Zhou et al. (2013) in which a second
variant core promoter recognition factor
TAF7l was shown to bind TRF2 and core-
gulate the same spermiogenic target
genes as TFIIAa-b and TRF2. In this
manner, cleaved TFIIAa-b, TRF2, and
TAF7l likely form the basis of an alterna-
tive PIC required for spermatogenic differ-
entiation. Thus, cleavage of TFIIAa-bmay
facilitate the binding of all three of these
factors to specific core promoter se-
quences at the spermiogenic genes.
Future bioinformatic studies identifying
the cis-acting sequences required for
this alternative PIC and the structural
determinants of their protein-protein and
protein-DNA interactions will be neces-
sary to further understand the molecular
basis of this alternative PIC required for
spermatogenesis. While Oyama et al.
(2013) and Zhou et al. (2013) have set us
on our way, there is still much to learn
about how such exquisite transcriptional
regulation is achieved.
A second, more general question is
whether such PIC variations are confined
to the testis or the germline in mammals.
The answer is unequivocally no. It is also124 Developmental Cell 27, October 28, 2013known that ovarian follicle development
to produce healthy mammalian oocytes
requires TAF4b, a gonadal-enriched sub-
unit of the TFIID complex (Lovasco et al.,
2010). Outside of the gonads and germ-
line regulation, assemblies of alternative
promoter recognition complexes such as
TAF3/TRF3 are known to be required for
myoblast differentiation in vitro (Deato
et al., 2008). Thus, remodeling of the
canonical to specialized core promoter
recognition complexes is a critical aspect
of both somatic and germ cell evolution
and differentiation. Finally, the correct
regulation of transcription is essential for
the pluripotency state of mammalian
embryonic stem cells. A recent study by
Pijnappel et al. (2013) demonstrates the
positive function of the canonical TFIID
complex in licensing cellular reprogram-
ming from a differentiated to pluripotent
state. This study further confirms the
notion that, although first thought to be
generic core promoter recognition fac-
tors, the GTFs are prime players in the
regulation of cellular states, including plu-
ripotency. In summary, the study of
Oyama et al. (2013) not only provides
essential knowledge of cell-type-specific
transcriptional mechanisms, it also pro-
vides direct opportunities for intervention
in male infertility and the future develop-
ment of male contraceptives.ª2013 Elsevier Inc.REFERENCES
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Diverse roles inmembrane fusion have been proposed for the transmembrane regions (TMRs) of SNARE pro-
teins, including formation of channel-like transmembrane pores. Reporting inNeuron, Zhou et al. (2013) show
that lipid-anchored SNAREs lacking TMRs can support neurotransmitter release, suggesting that SNAREs
function primarily as power engines that force membranes together.Most types of intracellular membrane
fusion involve the formation of tight com-
plexes between SNARE proteins. TheseSNARE complexes consist of four-helix
bundles formed by sequences called
SNARE motifs that precede a C-terminaltransmembrane region (TMR) in at least
one of the SNAREs of each membrane
(reviewed in Rizo and Su¨dhof, 2012). For
